Goal: Risk-adjusted post-stroke mortality has been proposed for use as a measure of stroke care quality. Although valid measures of stroke severity (e.g., the NIH Stroke Scale) are not typically available in administrative datasets, radiology reports are often available within electronic health records. We sought to examine whether admission head computed tomography data could be used estimate stroke severity.
Goal: Risk-adjusted post-stroke mortality has been proposed for use as a measure of stroke care quality. Although valid measures of stroke severity (e.g., the NIH Stroke Scale) are not typically available in administrative datasets, radiology reports are often available within electronic health records. We sought to examine whether admission head computed tomography data could be used estimate stroke severity.
Materials and Methods:
Using chart review data from a cohort of acute ischemic stroke patients (1998) (1999) (2000) (2001) (2002) (2003) , we developed a radiographic measure (Brain Imaging Score) of stroke severity in a two-thirds development set and assessed in a one-third validation set. The retrospective NIH Stroke Scale was dichotomized as: mild/moderate (<10) and severe (≥10). We compared the association of this radiographic score with NIH Stroke Scale and in-hospital mortality at the patient-level.
Findings:
Among 1348 stroke patients, 86.5% had abnormal findings on initial head computed tomography. The c-statistic for the Brain Imaging Score for modeling severe stroke (development, 0.581; validation, 0.579) and in-hospital mortality (development, 0.623; validation, 0.678) were generated.
Conclusion:
Although the c-statistics were only moderate, the BIS provide significant risk stratification information with a two-variable score. Until administrative data routinely includes a valid measure of stroke severity, radiographic data may provide information for use in risk adjustment.
INTRODUCTION
Stroke severity is one of the strongest predictors of post-stroke mortality at the patient level. (1) (2) (3) The National Institutes of Health Stroke Scale (NIHSS) is a valid and commonly used prospective measure of stroke severity. The addition of the NIHSS to claims-based 30-day acute ischemic stroke hospital mortality risk models has been shown to improve model discrimination and change mortality performance rankings for hospitals care for Medicare beneficiaries. (4) Healthcare organizations, such as the Centers for Medicare and Medicaid Service (CMS), routinely use 30-day mortality following acute ischemic stroke to evaluate hospital care quality.(5) Unfortunately, the NIHSS is neither documented in routine clinical practice for all stroke patients and nor is currently readily accessible in administrative data.
Predicting stroke severity using commonly gathered and readily accessible data from ischemic stroke patients could be useful for risk adjustment of post-stroke mortality. The retrospective NIHSS (rNIHSS) can be constructed from chart review data with excellent reproducibility and validity;(3) however, the neurological examination data needed to construct an rNIHSS are also not available in administrative data. Even within the robust Department of Veterans Affairs (VA) electronic medical record system, the rNIHSS cannot be efficiently extracted from chart data. In contrast, brain imaging is obtained routinely during the evaluation of patients with stroke.(6) Certain findings on initial head computed tomography (CT; e.g., hypodensity) have been associated with poor stroke outcomes (e.g., stroke severity and mortality).(7-11) Radiology reports of brain imaging studies are readily accessible across VA Medical Centers (VAMC), and therefore could be text-mined, potentially providing a means for obtaining information about stroke severity.
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We sought to examine whether admission brain imaging data could be used to estimate stroke severity (based on the rNIHSS). As a secondary analysis, we evaluated the association of radiographic data with in-hospital mortality. We hypothesized that we could identify radiographic features that were associated with severe strokes and that the presence of those radiographic features would be associated with an increased risk of in-hospital mortality.
Materials and Methods

Patients and Setting
This study is a secondary analysis of medical record review data from the Quality Evaluation in Stroke and Transient Ischemic Attack (TIA; QUEST) study. (12) Briefly, this retrospective cohort included patients who were admitted with ischemic stroke or TIA at any of three VA or two non-VA hospitals, during the years 1998-2003, if they had a neurological symptom onset within 2 days of admission, had a neurological deficit on admission (rNIHSS ≥ 2), and were at least 18-years old. Patients were excluded from the QUEST study if they were residing in a skilled nursing facility at the time of stroke symptom onset, were already admitted to the hospital at the time of stroke symptom onset, were transferred from another acute care facility, or were not admitted to the hospital. For this study, we restricted the analysis to stroke patients, and also excluded patients who were: without brain imaging (n=1) and whose brain imaging results were not known (n=3). Since most patients receive a head CT at initial presentation over other imaging modalities, we excluded patients when the first brain imaging study obtained was not a CT (n=14; Figure 1 ).
Definitions
Brain imaging data were abstracted directly from radiology reports of the initial brain CT.
A review of our coding algorithm is available as (Table 1) . Stroke onset-to-initial CT time was 6 available in 57% of the cohort and indicated that 87% of studies were performed within 24 hours (Table 2 ). Based on a literature review and clinical practice, location of infarct, presence of edema, and any evidence of new or old hemorrhage were considered a priori as potential variables in the analysis.(8;9;13-17) As symptom onset cannot be reliably extracted from existing administrative data or unstructured chart review data, we did not take into account the time interval between symptom onset to brain imaging. Because infarct volume was not routinely available in radiology reports, we were unable to assess this variable. We based infarct location on: vascular distribution (e.g., middle cerebral artery [MCA]), individual lobe(s) involved (e.g., frontal), and other location (e.g., thalamus; see Figure 1 ). The variables that were considered in the analysis are listed under "Radiographic Findings" in Table 1 . A rNIHSS was calculated for each patient from admission neurological examination data. We dichotomized stroke severity on the basis of the rNIHSS into mild/moderate (<10) and severe (≥10), as patients with severe strokes are less likely to have a better clinical outcome.
Development and Validation
We divided the cohort into a random two-third sample for development, with the other one-third retained for validation. Logistic regression models with backward elimination were constructed in the development cohort to model both rNIHSS ≥10 and in-hospital mortality.
When modeling rNIHSS ≥10, only two variables remained after backward elimination with a significance of p<0.05: hypodensities in the MCA distribution and in the temporal lobe. Presence of edema was the last variable eliminated at a p<0.0540. Because of this observed relationship to rNIHSS and because the previous literature has suggested that brain edema is associated with increased stroke severity, we initially kept the edema variable in the model.(8) However, the inclusion of edema did not improve discrimination of stroke severity; therefore we removed it 7 from the scoring system. We used the adjusted odds ratios (ORs) from the MCA and temporal lobe hypodensity variables to construct a scoring system that ranged from 0-3 (referred to in this manuscript as the Brain Imaging Score, or BIS; see Table 1 for listing of candidate radiographic variables). We then tested the BIS in our validation cohort. C-statistics were used to assess model performance. Missing data were rare; imputations were not made for missing data. All analyses were conducted using SAS 9.2 (Cary, North Carolina). Institutional Review Board (IRB) approval was obtained for this research.
Results
Among the 1348 patients with a head CT, 1166 (86.5%) had an abnormal study; radiographic findings included focal hypodensity, edema, hemorrhage, and periventricular white matter disease ( The development and validation sets were similar with regard to patient demographics, past medical history, proportion with severe stroke (35.2% versus 35.6%), the presence of edema, and in-hospital mortality (6.0% versus 7.6%) within tiers of NIHSS with the exception that patients in the development cohort with less severe stroke were more often male (65.0% vs.
51.9%; p<0.0001). When comparing patients with mild/moderate versus severe strokes within the development set, patients with severe strokes were older (73.1 versus 70.5 years; p=0.004) with congestive heart failure (17.7% versus 10.6%;p=0.002), atrial fibrillation (27.0% versus 15.0%; p<0.0001) and higher modified APACHE-III scores (12.4 versus 8.7; p<0.0001).
Imaging obtained from patients with severe strokes more frequently demonstrated involvement 8 of: middle cerebral artery (16.5% versus 2.9%), parietal lobe (13.7% versus 5.6%), frontal lobe (11.8% versus 4.9%), temporal lobe (8.4% versus 2.2%; p<0.0001 for all).
The timing from symptom onset to head CT was available in 763 patients. A fairly large proportion of patients received relative early CT scans after symptom onset. For example, patients with rNIHSS:<10 (n=453; 23.8%) and with rNIHSS≥10 (n=310;41.9%) received a head CT less than three hours from symptom onset ( Table 2 ).
The association between the BIS and both severe stroke (rNIHSS ≥10) and in-hospital mortality are shown in Table 2 . As the BIS increased from 0 to 3, the proportion with severe strokes increased from 31.1% to 82.4% (p for trend=<0.0001) in the development set; a similar trend was observed in the validation cohort (31.6% to 66.7%;p for trend=<0.0001; Table 4 ). The gradient was monotonic in the development set but not in the validation set. As the BIS increased from 0 to 3, the proportion of patients dying during the hospital stay increased from 4.5% to 23.5% (p for trend=<0.0001) in the development set; a similar trend was observed in the validation set (4.6% to 44.4%; p for trend=<0.0001); the gradient was also not monotonic in the validation set.
The c-statistic for the BIS was similar between the development and the validation sets in modeling rNIHSS≥10 (0.581 and 0.579, respectively) and in-hospital mortality (0.623 and 0.678, respectively). By way of comparison, in this cohort, the c-statistic for the association of rNIHSS with in-hospital mortality was 0.84.
Discussion
This study demonstrates that a simple approach based on radiographic findings on initial head CT provide considerable stroke severity stratification utilizing a few variables. Although 9 only a minority of patients had focal hypodensities on admission imaging, the BIS was associated with both severe strokes and in-hospital mortality.
Initial stroke severity, as measured by the NIHSS, strongly predicts important clinical measures as length of hospitalization, functional outcomes, discharge destination and mortality.(6;17) A minority of stroke patients receiving their care at VA (27.7%) (18) and Get With the Guidelines Stroke-Participating hospitals (45.1%)(4) had a documented NIHSS within the medical record, whereas stroke patients at these facilities commonly received brain imaging at presentation (95.0%). (18) Because the NIHSS or other validated measure of stroke severity are not typically available from administrative data, whereas the results from radiographic reports are routinely available, radiographic reports may be amenable to such data acquisition methods as natural language processing. Thus, radiographic-based approaches to estimating stroke severity may provide a feasible solution to the problem of not having a measure of stroke severity for risk adjustment in administrative data. Although some stroke patients have normal early head CT results, the prevalence of early ischemic changes on head CT has been reported to range from 31% to 87%.(13;14) (19) Several studies have examined brain imaging findings on initial head CT and their prognostic utility in predicting stroke severity and mortality. Trial, the authors found that early ischemic changes were associated with worse baseline NIHSS. (7) Further, the presence of edema or mass effect on initial head CT not only increased the risk of hemorrhagic conversion after rt-PA, but also increased mortality. Others have reported that as the degree of hypoattenuation or hypodensity increased, stroke severity worsened. (9) In the European Cooperative Acute Stroke Study (ECASS), the presence and extent of a hypodensity on first head CT was associated with both severe disability. Using first head CT data from 12,550 participants in the International Stroke Trial, visible infarction independently predicted death within 14 days. (14) This prior work, demonstrating that head CT scan results can prognosticate outcomes, lends support to the notion that radiographic reports can serve as surrogates for stroke severity to be used in risk adjustment.
It is not surprising that radiographic infarcts within the MCA distribution (either alone or with temporal lobe involvement) were associated with both rNIHSS and mortality in our data. Several limitations to this study are worth noting. First, the findings of this study only apply to an early head CT and not to other imaging modalities, such as Magnetic Resonance Imaging (MRI). However, MRI is less frequently performed than head CT as the initial imaging modality when patients present for stroke evaluation. Following American Heart Association/American Stroke Association guidelines, most patients with acute neurological change and focal deficits receive a non-contrast CT scan as part of their initial evaluation; therefore, this is frequently accessible data.(6;14) Second, because of our sample size, we were unable to risk adjust for other important predictors of mortality. Therefore, our scoring system predictions of in-hospital mortality are unadjusted, and should be interpreted as such. Third, because radiology data were taken from radiology reports and images were not re-reviewed as part of this study, positive imaging findings may have been under or over-reported. Although CT scans are officially read by attending radiologists, some may have been read by general radiologists and others by neuroradiologists. Inter-observer agreement regarding early signs of ischemic infarction is improved with level of training and experience; however, in routine practice, a general radiologist is more likely to read a head CT than a neuroradiologist. (10;14) Fourth, variability may exist in how findings are reported by a radiologist. For example, a given lesion could be correctly reported either as a focal hypodensity in the frontal lobe or in the MCA distribution. Fifth, the data analyzed were collected in 1998-2003, and current advances in CT imaging and radiological interpretation may result in more patients with evidence of infarct reported on initial head CT. Fifth, as described above, we do not have data on the extent of MCA involvement or the laterality of focal hypodensities, thereby limiting our ability to assess how these may be related to stroke severity. (8;23;24) Finally, the cohort only included patients with a rNIHSS of ≥2, therefore, future studies should confirm our findings in a cohort that also includes patients with a rNIHSS of 0 or 1. Acute/subacute infarctions were coded from radiology reports. All applicable locations were coded, and included the following: Middle cerebral artery (MCA), posterior cerebral artery (PCA), anterior cerebral artery (ACA), frontal lobe, temporal lobe, frontal lobe, occipital lobe, white matter, basal ganglia/internal capsule, thalamus, brainstem/cerebellum, other.
A coding algorithm was also generated and is shown below. white matter * For these processes, code white matter as well as any geographic location noted. 
If
